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Introduction

e QCD studies are an important part of the physics program of
Tevatron experiments.

e QCD analyses provide an important test of pQCD calculations,
constraints on proton PDFs, corrections on the theoretical
models for hadronization/UE effects, and possibility to tune
different MC generators.

e Almost any new physics (NP) involves QCD often a (huge)
dominant background.

e Better understanding of QCD means improved sensitivity to NP.




Outline

e Tevatron p-p collider, D@ and CDF detectors
Three-Jet Mass Cross Section (D@)
Substructure of High P_ Jets (CDF)

Azimuthal Decorrelations and Multiple Parton Interactions (D)
Inclusive W+Jets Production Cross Sections (DQ)

Inclusive Z+Jets and Z+b-jets Production Cross Sections (CDF)
Ratio of Inclusive Cross Sections o(Z+b-jet) / o(Z+jet) (DD)
Exclusive Di-Photon Production (CDF)

Prompt Isolated Di-Photon Production Cross Section (CDF)
Summary

This talk will cover only a small fraction of all QCD results from the Tevatron.
More results can be found on:
http://www-cdf.fnal.gov/physics/new/qcd/QCD.html
http://www-d0.fnal.gov/Run2Physics/WWW/results/qcd.htm
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Tevatron p-p collider

Proton

1.96 eV i, Run IT (March 2001 — September 2011)

e Excellent Tevatron performance!

Delivered over 11 fb™ to each experiment

Peak luminosity is 4.3x10* cm™s™

Integrated Luminosity 1187103 {1fpk)
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Multi-purpose detectors

Common features

| i
& W= | =i

e Tracking in magnetic field

e EM and HAD calorimeters

Competitive advantages

e e CDF: better momentum

e Silicon Vertex |n|<2-2.5 resolution e Silicon Vertex |mn| <3
e D@: fi lorimet
e Drift Chamber || <1.1 HEL Ca OHME e Sci. fiber Tracker |m| <1.7
, segmentation ,
1.4 T B Field 1.9 T B Field
® Pb/Cu/Sci Calorimeter |1 | < 3.2 e Lar/DU Calorimeter |M| <4
® Muon Chambers |n| <1.5 e Muon Chambers |n| <2
Data recorded with high efficiency (~ 90%)
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Three-Jet Mass Cross Section

e The production of jets represents a dominant part of the total
inelastic cross section in pp collisions at s"*=1.96 TeV.

e Measurements of jet properties can be used to test QCD
predictions, to constrain PDFs and to look for NP beyond
the SM model.

e Measurement of 3-jet cross section can be used to test NLO
calculations.
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'Three-Jet Mass Cross Section (0.7 v D@ data)

Phys. Lett. B 704, 434 (2011)
e Measured differential inclusive 3-jet cross sections a function of the M

jet

for events with well separated jets and P " > 150 GeV/c.

e Data compared to NLO calculations (NLOJET++ MSTW2008NLO PDF set).
- e NLO predictions corrected for non-perturbative effects (hadronization and UE) (PYTHIA Tune QW).

. o Total systematic uncertainty: 20%-30% (dominated by JES, P_ resolution and luminosity).

3 rapidity regions 3 P " regions
’>‘105 1 T 1 1 1 T8 $10%E L T 5
[ D@ Preliminary  p 150 GeV, p_>40 GeV 2 F D@ Preliminary p. >150 GeV, |y|<2 4-
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[ ] 1.6 \:q_). - ] p >7O GeV 3
Ivl< 54 A2 ° pT3>1 00 GeV _
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% ?r'—m'—l_'_l_.—IT Y E
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= - -1 —
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102k Systematic uncertainty - Systematic uncertainty - .
-1 ,
10-3E —— NLO pQCD-+non-perturbative 100 E —— NLO pQCD+non-perturbative E
i 4; cclarrectlons M = u = 1/3 (pT1 + p + p ) 1072 corrections, u = p = 1/3 (p + p st) _;
1 1 ] ] ] ] =
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M3jet (TeV) M;; (TeV)
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Three-Jet Mass Cross Section (0.7 ' D@ data)

Phys. Lett. B 704, 434 (2011)

> 1.8 T T T T T T T T T T
o]
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1.4
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e Reasonable agreement between data and NLO (NLOJET++ with MSTW2008)
in all cases within uncertainties.

e o . . 1 . . . 1 . . .1 ., . . 2 5 L3 1 1 L L
0'5.4 06 08 1.0 1.2 14 4 06 08 1.0 1.2 14 4 06 08 1.0 1.2
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( Substructure of High P_ Jets

o Study of high P_ massive jets provides important test of pQCD

e Important background for various new physics models, Higgs
searches and high P_ top-quark production.

e Particularly relevant is the case of heavy resonance decaying
into high P_ top quarks that decay hadronically.

e The detected single jet shows a large mass and an internal
| substructure different from QCD jets.
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Substructure of High P_ Jets (-6 f" CDF data)
J et MaSS arxXiv:1106.5952v2 [hep-ex]

e Measured normalized jet mass distribution for jets with P_ > 400 GeV/c.

CDFRunlIl,L =61fb"
int

0.007 3 -+ Midpoint
n u.uua*
& o .
o 00060 ! = Anti-k

= = n.nm_—+ T

O - 0.002F Hﬂ

o 0.004 i *ﬂ;

E.E n- 1 'Mﬁgﬂ_?___
= | E .03 100 150 0 50
T D — —a— Data, Midpoint, R = 0.7
| 2. 0.002 ; .----- QCD, Pythia 6.216

|f CQuark 1 Py
I 0.001F
I}EIJ‘IIIJ'IIII"II I'"”I...I -
80 100 120 140 160 180 200 220 240 260 280

m'®" [GeV/c?]

e Good agreement with PYTHIA prediction.

e Better agreement with quark jet function consistent with pQCD prediction:
~80% of high jet mass from quark fragmentation.

e Anti-k_and Midpoint jets very similar mass distribution.
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http://arxiv.org/abs/1106.5952v2

(Substructure of High P_ Jets (6" CDF data)
Angularity and Planar Flow

e Both variable are IR safe and
less dependent from jet algorithm.

and massive QCD jet:
- Angularity is sensitive to degree
of symmetry of energy deposition
- Planar flow distinguishes planar (P ~1)

from linear conflguratlon (P ~0)

e Expected to provide discrimination of heavy-particle jets

arXiv:1106.5952v2 [hep-ex]

Zplk
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e Good agreement with PYTHIA prediction.

S o5k
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N - — o
L T with each other.
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( Azimuthal Decorrelations
and MPI in y+2/3 Jets

e Study Multiple Parton Interactions (MPI) in high P_regime (PTjEt >15 GeV)
can give complementary information about proton structure.

e Also a better understanding of non-pQCD.

e Estimate of contributions from DP interactions is important to study
backgrounds for many rare processes.

e Measuring ditferential cross sections in y+2(3)jet events with high P_ jets
can be used to tune MPI models.

o Different PTjEt bins increase sensifivity to the models.
/

N e R

P " P

mg S T
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Azimuthal Decorrelations
and MPI in y+2/3 Jets 1 ' D@ data)

® Measured 4 normalized differential cross sections:

-AS (P.%, P %) in 1 bin of P (15-30 GeV)

- A® (P_*, P_) in 3 bins of P (15-20, 20-25, 25-30 GeV)

Phys. Rev. D 83, 052008 (2011)

Angular distribution
sensitive to DP events
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%’ F Do.L =10f" S DG, L =1.01b"
T [ ® Daa 50 < p’. < 90 GeV 8 195 o Daia 50 < P, <90 GeV
& A PYTHIA, tune A 5 30 GeV & [ A PYTHIA tune A P> 30 GeV
o T v PYTHIA, tune DW T jet2 % e) - v PYTHIA, tune DW 1; <pjet2 <20 GeV
° " PYTHIA tuneSO 15 <Py <30GeV | 2 [ = PYTHA tune S0 T
“& 5 4 PYTHA tuneP0  pf®>15GeV ) & 1 A PYTHIA, tune PO 8
o F # SHERPA, with MPI © [ % SHERPA, with MPI *
= [ O PYTHIA, noMPI Q = [ O PYTHIA noMPI
~ L O SHERPA, no MPI ' ~ [ O SHERPA, no MPI 8
| {77777 Total uncertainty . {77777 Total uncertainty e
A g 107 _ X
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e [arge difference between SP models and data: presence of DP events in the data sample.
e Data are close to Pythia tune Perugia (P0), SO and Sherpa with MPI tunes.

13
s S .




(1 /GYZI.) dezj/dA(I)
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Azimuthal Decorrelations

and MPI in y+2/3 Jets 1 ' D@ data)

- DG, L=1.01fo"
® Data
A DP model

- B SP model
B Y2 Y2
—DP fdp + SP(1-fdp)

15 < p™* < 20 GeV

A —A—A—A—
|
- 2 92 11.6% 1.0%
. =
B 1 1 1 L | 1 1 1 L | 1 1 1 1 | L L 1 1 | 1 1 1 | | L 1 1 1 | 1
0 05 1 15 2 25 3
A¢ (rad)

(/5 ,) do. ,/dA¢

10

102

Phys. Rev. D 83, 052008 (2011)

- D@, L=1.01o"
® Data
A DP model

- B SP model
B Y2 v2j
—DP fdp + SP(1-fdp)

20 <p:* < 25 GeV

A—Ah—Ah—A—
: . 92 5.0+1.2%
K |
B 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 L | 1 1 1 1 | 1
0 05 1 15 2 25 3
A¢ (rad)

e The sum of the SP and DP predictions (weighted with their respective fractions)
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W/Z+Jets

e Measurements of V boson plus jets production are fundamental test of pQCD
predictions in multijet environment:

- Presence of W/Z ensure high Q*
- Leptonic final state provides clean signature and low background.
- High statistics allows precision tests.

e Test and tune Monte Carlo models:

- Experimental data are used to validate many MC tools available.

e W/Z+HF production sensitive to PDFs HF content.
e W/Z+bb in particular can be the dominant background in:

- top, Higgs, SUSY and other NP scenarios
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(Inclusive W+Jets production (s.2 b D@ data)

Phys. Lett. B 705, 200 (2011)

o
£
ko)
c
e Measured total inclusive W+jets cross section A
for each jet multiplicity &
W - ev +njet (n=1-4) as final state %
©
e First study of W+4 jet production
©
e First comparison with NLO W+3 jet cross section %b
predictions. ="
(O]
eData compared to LO and NLO calculations "o

(Blackhat+Sherpa and Rocket+MCFM, MSTW2008 PDF)

eParton-to-particle correction (had. and UE event )
(SHERPA , CTEQ6.6 PDF set)

I o ~10% (25% in highest P ' bin)

R=0,/c

e Good agreement between data and theory

- except for 1-jet bin
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T
Inclusive W+Jets production @.2 i pg data)

e Measured differential cross sections for each jet multiplicity Phys. Lett. B 705, 200 (2011)
e All are normalized to the measured total inclusive W boson cross section:

ow=1132+1(stat) s, (syst)= 69 (lumi) pb

1.8 0 T T —F T T T T T T ]
§ 16 - oD@, 421" =~ Rocket+MCFM NLQO === Blackhat+Sherpa NLO
B = "|' Trojot 1 =
1.6 T T T T T = S~ — = \Iﬁrl-—n:i 2 == —
' E 1.5 E-oDg, 42" == MCFM NLO === Blackhat+Sherpa NLO 3 e :: - g 4 P) b=t E
D 14 E = ~y -5 2= -3
3¢ 18 E =\ Ml w=3 € N i £
9 E = 08 S =
e E : s et oo R :
3 E 06 [ DRI ‘?& N
ook E 0.4 | W(— ev)+3jet+X _f
0.8 p— 20 20 ) 80 100 120
0.7 £ W(— ev)+ljelX ~ Third jet p_ (GeV) (njets=3)
= 50 100 150 200 250 300
Leading jet p_ (GeV) (njets=1) .
e NLO calculations smaller than measurements
L —— e Some disagreement in shape and normalization.
3 aF *DZ, 4.2 b == MCFM NLO === Blackhat+Sherpa NLO
G e E
B 1.2 =
1E -1 § 3 EeDgz, 4.I2 fo! <= Rocket+MCFM LO === Blackhat+Sherpa LO —
- ] ] = P =
0.8 = ‘Bx 25 n =\ M deep’)? w=2R E
- E W(— ev)+2jetsX . . % f 15 & i \\\w\@&\ R
50 100 150 200 250 . F SR E
Second jet P, (GeV) (njets=2) s R E
. . 03 £ W(—> ev)+djetsX “1 DES-
e Data agree well with both NLO calculations 0,5 5 5 i % 5 - ]
e Data uncertainties are comparable to theoretical uncertainties. Fourth jet p_ (GeV) {nietszgol

® Only LO calculation available at Tevatron right now.
e Good agreement, but large scale uncertainties.
e NLO prediction needed for more robust comparison
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Z/y*+jets Production 3.2 i CDF data)

® Measured jet cross section in Z/y" +>1,2,3 jets CDF note 10216
e Performed independently for Z —e’e” and Z - W' in the same kinematic region to allow combination.
* Results compared to NLO pQCD predictions + non-pQCD correctigns. CDF note 10394

ol 2| —— ALPGEN+PYTHIA Tune BW
T 0] - Normalized to NNLO 6(Z)
CDF Run Il Preliminary < ; 5:_ B = ME + 1, ME,
P —
= 103 I -
§ g —e— CDF Data L = 8.23 45" a 1E T e 0o 001 o . - 4
> s - —t—
g _ D Sytematic uncertainties L : . P — L . . .
~ B —— 2 [ —— NLOMCFM --=-- PDF uncertainties
L2 2| == - CTEQ6.6 PDF —— MSTW2008
= 10°E e —e— NLO BLACKHAT+SHERPA L5 o= VB 1 p2), R_1.3 N
B+ C o= o
Q' I~ —
5 r == MSTW2008 PDF -
8 I R 10 _1ip o 4 E2 |t e e
10 = Hy=3 Ar=3 (P + B . i
= s L L L L L L | L L L
= 2 — NLOMCFM W= sp=p 2
B = CTEQ6.6 PDF et s
i 1 s5E uE=Mg+p2(2), R =1.3 == K= Py
1 C
o X 1
B — . L A . L]
i *(_s Il iat 15 ; 2/~ —— NLO BLACKHAT+SHERPA
0L Ziy*(— I'T) +>1 jet T leading - VSTWZO0BPDF h=2u e
E I=e,u 1 5: ”0=%HT=%(ZipiT+E$)
- . ':8:: 5
T p*>30GeVr, [Y*|<2.1 -
L e
| | | | 1 1 | | 1 | 1 | -
30 40 50 60 100 200 300 400 C ' L | . s s
png [GeV/c] 30 40 50 60 100 200 300 400

P [Gevrc]

e Good agreement with NLO pQCD predictions including non-pQCD corrections estimated from PYTHIA.
o BLACKHAT differs from MCFM prediction for the different choise of the scale: improvement in high P_i* tails.

e New tuning of ALPGEN+PYTHIA Perugia 2011 gives an improved agreement. Work in progress for the comparison.

e PDFs errors are guite small respect to the scale uncertainties.
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Z/y*+jets Production 3.2 i CDF data)

CDF note 10216

e Measured total inclusive cross section as a function of jet multiplicity.
e Results compared to NLO pQCD predictions + non-pQCD corrections. CDF note 10394

‘6> 2 [ —— ALPGEN+PYTHIA Tune BW
. . - Normalized to NNLO 6(2)
CDF Run Il Preliminary £ sF WNE S NE
- i E - ——
= o —e— CDF Data L= 8.23 b’ S I
s = D Sytematic uncertainties = . | | |
5 L —— —4— LO BLACKHAT+SHERPA | S v v "7 PDF uncertainties
i o NLO BLACKHAT+SHERPA SR L LA Iy
31— ) - o Z 7 ETED e :
107 MSTW2008 PDF - o .
- —— n, =7 Pr =2z pl + E) =
10?2 33—; kj?oMl\%'\éM """" =2 ks p2
E - CTEQ8.6 PDF e WB=<p? >
- — ui =M+ pi(Z), Rsep=1 3 o Tjet
- =
I 10 E_ 1 : 1 1 1 1 1
=~ Ziy*(> I'T) + >N jets inclusive aF. o= LOBLACKHAT:SHERPA G
B l=ze,n C MST\{Vﬁposﬂy P Ao E
. ’ i + - HO =5 =5 plr +ET
1 p>30Gevrc, Y™ <2.1 X 2E —+—
S | | | | 1t '
C | |
1 2 3 >Ny 1 2 3 4 N
= Yjets
e Good agreement with NLO pQCD predictions including non-pQCD corrections from PYTHIA.
e Only LO predictions for Z+4 jets for Tevatron (Available at the LCH).
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Z+b-jet Production (-2 i CDF data)

CDF note 10594

e Measured ratios of b-jet cross section with respect to inclusive Z and integrated Z+jets cross section
for events with a Z boson (66 <M <116 GeV/c®) and jets (P.>20 GeV/c and |y|< 1.5)

CDF Run Il Preliminary

g 180 f— Zebejets —e— Data - 7.86 fb™
8 1 60 :_ Positive tagged jets — Total Prediction
Yo = light jets . . N . .
S qa0E B e o EI c?e:s' t Binned maximum likelihood fit to data
L b v — ki to find fractions from different jet flavors.
1 00 f_ Total Jets: 1327
80F e et 008
60 ;_ f.: 0.08+ 0.08
40;—
20;—
005 1 15 2 25 3 35 4 435
Mg ooty [GEV/CT]
o7 b To compare to NLO predictions with MCFM
_bjet
—£2% — 0.293 = 0.030°™" = 0.036%°7% ; i . ; ;
oz _ L _
QI=m7+p7 7| Q=<PTjer >
) TZ _bjet 0 0
O 7 _bjet —£=het 0.24 % 0.32 %
—2= = 2.31 +0.23" +0.32%7°"% 007 . .
JZjEI’ J—ﬁ:__‘re— 1.8 /L] 2.2 /L]
jet

e Measurements in agreement with MCFM predictions within large uncertainties.
e Comparison with predictions using different renormalization and factorization scales shows
measurements close to those with lower scales.
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Z+b-jet Production (-2 i CDF data)

CDF note 10594

e Measured differential cross sections as a function of jet P_and rapidity.

e Statistical uncertainty ~ 20%.
e Results compared to NLO predictions (MCFM with different renormalization and factorization scales
and PDF sets) corrected for non-pQCD effects (ALPGEN+PYTHIA Tune P2011).

CDF Run Il Preliminary CDF Run Il Preliminary

e n

g + Ziy (= F1)+> 1 b jet ; 0.003- Ziy (> F )+ 1b jet

(0] e

O, 10*F -dﬂf'

T 3

'E—. : ? —_————

) S ——
b,:,- - = 0.002—
1

; l

N

L 45 + CDFData-7.86 b’ ~— CDF Data - 7.86 fb”

- - Sysiemalics Lncertaintiss Systematics ljncertainties I

[ — NLO MCFM GP=Me 1+p7, 000l — L2 MCEH QP 14p2,
MSTW 2008 - PDF : S
MSTW 2008 - PDF
L Corrected to hadron level Cotrected 1o hadran level
10° 30 40 50 60 70 80 90100 o—L L 1 L1
oF1 [GeV/e] 0 02 04 06 08 1 12 14
T "

e Measurements in agreement with MCFM predictions but affected by large uncertainty.
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Z+b jet/Z+jet cross section (4.2 o' g data)

Phys. Rev. D 83, 031105(R) (2011)

e Measured the ratio of the cross section for Z boson production
in association with at least one b-jet to inclusive Z+jet cross section

Z-e'e/WWw and jets (Midpoint R=0.5) with P >20 GeV and |n| <2.5 as final states

e Measurement of the ratio — cancellations of many systematic uncertainties
— more precise comparison with theoretical calculations 600
N

e Measurements uses Neural Network algorithm to enrich 8 I DO, 4.2 fb!

data with b-jets. Inputs: B lifetime, secondary vertices, vertex nass... i
e i —o— Data
e Extract b-composition in data using a fit to Q400 Eal b jets
Discriminant Jet Lifetime Probability (D ) w = 1 igchtfgg
- - Total

- 200 P
/+ ™
o(Z+b _jet) ) 1193+0.0022(stat)+0.0015 (syst) A
o (Z+ jet)
e Consistent with NLO MCFM calculations: 0.0192+0.0022 D,

(MSTW2008 PDF set and renormal. and factoriz. scales at M )
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Exclusive yy Production
| |

® Observation of exclusive Yy production is an important test of
QCD theory of exclusive Higgs production at LHC.

e At the Tevatron, the exclusive Higgs cross section is too small.
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Exclusive 7y Production (1.1 f" CDF data)

e Observed 43 events of exclusive photon pair production.

arXiv:1112.0858 [hep-ex]
* Find: 6 = 2.48 £ 0.42(stat)+0.41(syst)pb

. . . CDF Hun Il Preliminary 9 CDF Aun Il Preliminary
o CDF also observed exclusive Dijet and X production. :E'fzg? PP -1y %20; PP — 7y
E‘l _ +  Data 5 18 Data
“16F [ SuperCHIC MG S1g [ SuperCHIC MC
@44k {Mormakzed 1o data) o {Mormalized to data)
: : E14F
£12F £1at
w gk sk
GF 6EF
4F 4F
i'_ -||+-|-qu| L ! E_uuuuluuuuluuuul + L L
0 5 10 15 20 25 0 0402030405086 07
Invariant mass (GeV/c?) [t - Ag| (rad)
CDF Run Il Preliminary CDF Run Il Preliminary
o LT
:é_m.:— PIP = vy S14f Ty = e'e
O16F + Data 512'_ « Datg
o F [ SuperCHIC MC il 1 LPAIR MC
14 F (Mormakzed 1o data) @ [ |Abs. normalization)
= |::_1D o
z12F v f
o 10f s 8f
S af @ 6fF
= of
w Bf ab
4 o
2 s
D:[_uuuluunl_{_nuln Pl ER T PR T U:llll -.+-I.--.I-. L
0051152 25 3 35 4 0 5 10 15 20 25
P of central system (Ge\ic) IMvariant mass (GEU.-‘:E}
] ® In agreement with the only theoretical prediction based on the double pomeron process IP + IP —® y+7y
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http://www.google.com/url?sa=t&rct=j&q=arxiv%3A1112.0858%20%3E%20%5Bhep-ex%5D%20&source=web&cd=4&ved=0CDoQFjAD&url=http%3A%2F%2Feprintweb.org%2FS%2Farticle%2Fhep-ex%2F1112.0858&ei=HJg1T9GmFajs2QXJw9SiAg&usg=AFQjCNEHr4OWZNasrifJMrBqXMB21AioqA&cad=rja

A —

Prompt Diphoton Production

e [arge irreducible background for low mass Higgs search
and new physics (new heavy resonances) .

e Test of pQCD and soft-gluon resummation method in
theoretical calculation.
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Diphoton differential cross section (~5.4 fo! CDF data)

Phys. Rev. D 84, 052006 (2011)
Phys. Rev. Lett. 107, 102003 (2011)

e Measured differential cross section as a function of MW PTW and AD.

e Results compared with:
- NLO DIPHOX including parton fragmentions into photons.
- RESBOS with analytical initial state soft-gluon resummation.
- PYTHIA with parton showering, ISR and FSR.

61051llNTllIIIIIIIIIIIIITIIIIIIIIIIIIIIIIIIITIIIITII : |||| l‘ IIIT|TTlellwllTlTllllll{llT_ e ._ITI|‘II|||||||||I||‘T|TT|TT|TIE
) E CDF Il Diphoton 5.4 fb o Dala § CDFII Dlphoton 5.4fb" o Dila 7 e - CDF Il Diphoton 541" o Dila
S F Ep1517Ge, hi<t.0, 105 Ep>15,17 GeV, yi<1.0, 4 & [ Ep1517GeV, hi1.0,
D [ 4RS04,Is0<2 GeV — DIPHOX CTEQSM o AR>0.4, Is0<2 GeV —— DIPHOXCTEQGM 3 QI \psg4 1so<2 Gev — DIPHOX CTEQGM
[0} 1 U=ty =ug=M2 | g U=ty =g =M2 3 e - U=ty =g =M2 4
S, e RESBOSCTEGSM 3§ § [ e RESBOS CTEQSM DY R — RESBOS CTEQSM
2 FE PYTHIA 174 qs PTHAWe] o S10E PYTHIA 741 g
< [ }3 .. PYTHIA 3y - % ...... PYTHIA 1y R~ PYTHIA 1y
2101 [ % | o o ] 3
o107k 3 f
X IE] V& Bandl o0
SN 10"
T I ii T :
\[i 1 &
10287 %, -
10°% . _
E E 10°
!
4l _
10 ; A 10*
: o A 10'L K -
10'5!]II[JlII|||||||||||Il|I|IlIIIIIIIIlIIIlIlIllIllI 05|I||Jll‘I|\||I\|Jll‘lll‘ll\l\llllll‘ljl :Ilﬂllll\lJIHIIlI]II‘\IJ\lJ\IJIF
50 100 150 200 250 300 350 400 450 200 0 20 40 60 80 100 120 140 160 180 200 0 0.5 1 1.5 2 25 3
vy Mass (GeV/c) 1y P; (GeVe) A (rad)

® Good agreement between data and theory for M, >30 GeV/c?
e Resummation important for P_(yy) <20 GeV/c.

e Fragmentation causes excess of data over theory for P, (yy) =20-50 GeV/c (“Guillet shoulder™)
» Resummation important for A®, > 2.2 rad.
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http://prl.aps.org/pdf/PRL/v107/i10/e102003s

V.
‘ Diphoton differential cross section (~5.4 fo! CDF data)

Vertical axis scales are not the same
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e In general all three calculations underestimate data in those regions where gluon interactions and associated
fragmentation of quarks into photons are expected to be important.

e DIPHOX fails to reproduce data in those sensitive regions although explicitly includes a fragmentation model.

e Low transverse momentum and large azimuthal difference where resummation is important, are best described by
RESBOS as the analytical resummation is implemented in this calculation.
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Summary

e (QCD studies are an important part of Run II physics program at the Tevatron.
Better knowledge of QCD is crucial for the Tevatron and also for the LHC.

e (QCD analysis are an important test for QCD calculations and constraints on proton
PDFs, NLO + HO corrections, resummations,fragmentation effects and ISR models.
Most of QCD channels are directly sensitive to new physics.

e (QCD results are, in general, in good agreement with theory predictions within the
errors. Some processes (photon/W + jet production) still require an improvement in
theoretical predictions .

e Tevatron shut down last year, but analysis are still in progress. CDF and D@ are
moving toward precision QCD measurements based on all data samples in excess of
9 fb.

e More new physics results at next Moriond and DIS conferences. Stay tuned!

#
WORK IN PROGRESS »‘ STAY TUNED
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